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ABSTRACT
Two hundred specimens of the golden hamster, Cricetus auratus
(Waterhouse), were employed in this morphological study©
The vertebral formula is* C-7* T-13» L-6, S-4, Cd-13/14* Foramina
transversaria may be lacking on one or both sides in C7© The transverse
processes of C6 always, and C5 occasionally, exhibit inferior laminaeo
Those of C7 are in contact with those of C6© Those of T1-T4 exhibit
apical facets for articulation with the tubercula of the first four
ribs* Homologous facets on T5-T10 occur on definitive diapophyses*
T11-T13 exhibit demifacets for capitular heads only* A ventral hypapophysis occasionally occurs on L2* The four 3acrals are united by their
centra, and the first three are also united by their transverse processes*
Only SI articulates with the ilium* Centra and processes are reduced
caudal to Cd5o Cd9*-13/14 lack pedicles* Cd6-8 may exhibit incomplete
pedicles on one or both sides, or the pedicles may be lacking* Cd7*13/14 lack neural spines* Cdll-13/14 lack prezygapophyses0 Cd6-13/14
lack postzygapophyses*
The origin and insertion of the following muscles of the golden
hamster were ascertained: splenius, complexus, biventer cervicis, rectus
capitis dorsalis major, rectus capitis dorsalis minor, rectus capitis
lateralis, obliquus capitis superior, obliquus capitis inferior, semispinalis cervicis, longus atlantis, spinalis dorsi, iliocostalis,
multifidus spinae, extensor caudae lateralis, extensor caudae medialis,
intertransversarii, interspinales and longissimus dorsi*
The epaxial muscles of the golden hamster appear to be more like
those of Neotoma than of other Cricetines heretofore studied*
vii

I. INTRODUCTION
Descriptions of the gross anatomy of the majority of rodents,
including some of the more common ones, are still incomplete or
lacking altogether* For example, the white laboratory rat (Rattus
norvegicus) has been a popular subject of investigation in experi
mental fields, such as physiology, but the gross anatomy of this
animal is only incompletely recorded*
Comprehensive morphologic studies of the various species faci
litate taxonomic studies0 Knowledge of the gross anatomy of the
skeleton, and of the epaxial and hypaxial musculature, is of much
value in elucidating phylogenetic relationships in related groups
of animals*
At Louisiana State University, a series of studies in endo
crinology is being conducted on (Cricetus auratus)* This considera
tion stimulated me to undertake the present morphologic study of
this myomorphine rodent*
Following is a survey of previous studies of the osteology or the
myology (or both) of hamsters and of other members of the Family
Cricetidae* This list is surprisingly small*

In those cases reported

below in which additional rodents have been studied along with the
Cricetidae, an indication is given concerning the other forms under
investigation*
Parsons (1896) discussed very briefly the myology of the Myomorpha
and compared the muscles of the following members of the Order Rodentia:
1

Glirulus dryas, GerbiHus shawl (= Meriones shawl), Cricetus frumentarius.
Cricetomys gambianus. MIcrotus amphibius. Mvodes lemmts, Mus decumanus
(- Rattus norvegicus). Rattus rattus. Mus barbarus (= Lemniscornys
barbarus). Rhiaomys badius. Georychus capensis. Bathyergus maritimus
(= Bathyergus suillus suillus). Heteromys longlcaudatus. Lepus timidus,
and Oryotolagus cuniculua* Parsons described the muscles of the head,
neck and posterior extremities* The only epaxial muscles he mentioned in
his paper on Cricetus frumentarius were the complexes and splenius* At
the end of his paper he discussed differences between the kfromorpha
and Histricomorpha, and between the Myomorpha, the Sciuromorpha, and
the Lagomorpha*
Howell (1926) made a comparative anatomical study of the subgenera
of the American wod1rats (Neotoma). his aim being to gain a comprehensive
practical understanding of certain parts of the gross anatomy of a
medium-sized, generalized, cricetine rodent* The comparative method
was followed in order to learn something of subgeneric anatomical
variations* The subgenus Homodontomys was the basic type studied, and
the subgenera Neotoma and Teonoma were used for comparison*
Hatt (1932) studied more than 60 skeletons of rodents belonging
to eighteen genera (Sicista, Zapus, Allactaga. Dipus, Jaculus,
Scirtopoda. Pedetes. Liorays. Heteromys. Perognathus. MLcrodipodops.
Dipodomra Meriones. Tatera. Gerbillus. Eliurus. Rattus, Paramys)*
He concluded that the equilibrium of the bipedal animal is maintained
by caudal displacement of the center of gravity* This displacement
of the center of gravity is accomplished by shortening of the neck,
reduction of the fore-limb, and increase of tail weight* Modifications

observed on the skeletons studied include fusion of cervical vertebrae,
increased height of the lumbar spines, and an increase in the length and
strength of the anapophyses and metapophyses,
Meinertz (1941) described the cutaneous musculature of the Greenland
Lemming (Dicrostonyz groenlandicus)* In (1942a) he described the super
ficial muscles of the water vole, Arvicola terrestris (L*) and of
Picrostonvz groenlandicus (Traill).
Meinertz (1942b) described the superficial musculature of the face
in Cricetus cricetus (European hamster)o
Rinker (1 9 5 4 ) discussed the comparative myology of the following
four genera .of Cricetinae;

Sigmodon, Oryzomys. Neotoma, and Peromyscus*

He ma.de some comments concerning their intergeneric relationships.
Priddy and Arnold (1948) described the facial musculature, nerves
and blood vessels of the cheek pouch in hamsters*
The anatomy of none of the foregoing species has been exhaustively
described, as yet*

II* MATERIALS AMD METHODS
Two hundred golden hamsters from the Louisiana State T’hiversity
hamster colony were employed in this study*
Twenty skeletons were prepared from freshly-killed animals for
study of the vertebral column* Adult specimens were skinned, evisce
rated, and the remains were boiled for one and one-half to two hours in
tap watero The flesh was then removed so far as possible* Five specimens
were cleaned by insects (ants and roaches), ten by beetle larvae* The
remaining specimens were boiled in a yellow soap solution for one hour,
after which the flesh wa3 removed* All skeletons were finally bleached
with 10 per cent hydrogen peroxide for one and one-half to two hours,
after which they were permitted to dry* The total length of the verte
bral column, and the five regions thereof, were measured*
Descriptions of individual vertebrae are based on careful study
of several homologous vertebrae from a-number of specimens with the
aid of a dissecting microscope at a magnification of 606 X or 9*9 X*
One hundred and eighty specimens were employed for the study of
the epaxial muscles* The skin of each specimen was incised along the
mid-dorsal line and along the dorsal aspect of each of the limbs, after
which the skin was removed* Thereafter, the animals were eviscerated,
the specimens were rinsed in tap water, wrapped in cheese cloth, and
stored in 15 per cent formalin until needed for dissection* Each
individual muscle was isolated by removal of adjacent muscles, and the
origin and insertion were carefully ascertained# For each muscle a
number of specimens were employed*

For purposes of cataloging, each muscle was assigned a number,
which was written on a tag attached to the 3tored specimen*

An alpha

betic card catalogue of the muscles was also instituted, each card
bearing the muscle number and a brief statement of the origin and inser
tion of the muscle*
In the cervical region the following muscles must be removed to
reveal the epaxial muscles:

platysma, cheek pouches and their ligaments

and muscles (Fig* 7); trapezius group (Figs, 7, 8, 10), rhomboideus
group, levator scapulae dorsalis (Figs, 9, 10); stemomastoid, cleidomastoid, sternohyoid, omohyoid (Fig* 10); levator scapulae, serratus
magnus, scalenus (Fig* 10); serratus posterior superior (Fig* 11)*
In the thoracic region, the following muscles must be removed to
reveal the epaxial muscles:

spinotrapezius and latissimus dorsi (Figs*

8, 9)* and the dorsal portion of the external oblique of the abdomen
(Fig* 11)*

Thereby the iliocostalis, spinalis dorsi, and longissimus

dorsi may be exposed*

After removal of the spinalis dorsi, the multifidus

spinae, interspinales, intertransversarii, may be exposed*
In the lumbar region, the lumbodorsal fascia (Fig* 7) and the
oblique abdominal muscles must be removed in order to reveal the
epaxial muscles.

In the sacral region, the epaxial muscles may be

exposed by removing the extrinsic appendicular muscles*

Those of the

caudal region were exposed by removing the tough fascia of the area*

Ill, * THE VERTEBRAL COLUMN
Twenty skeletons were prepared for the purpose of morphological
study of the vertebral column. This study m s prerequisite to a study
of the epaxial muscles since the latter arise and, for the most part,
insert on the axial skeleton.
The length of the vertebral column in twenty specimens was found to
be 115-116 mm. The vertebral formula is: Cervicals-7, Thoracics-13,
Lumbars-6, Sacrals-4, Caudals-13 or 14,
Terminology Relating to Vertebral Processes
Terms are employed herein in accordance with the following
definitions:
Pedicle: One of two columns or plates or bone projecting from the
upper aspect of the centrum and constituting the basal part of the
neural arch connecting the centrum with the laminae.
Lamina: That part of the neural arch which extends from the
pedicle to the base of the neural spine. The two laminae of each
vertebra are symmetrical plates of bone.
Neural spine: The median projection from the neural arch.
Transverse process: A process projecting laterally from the
centrum between the prezygapophysis and postzygapophysis. The term is
sometimes applied to diapophysis or to parapophysis when one exists
without the other,
Parapophysis: The transverse process on each side of the centrum
articulating with the ventral head (capitulum) of the bicipital rib.

Diapophysiss The transverse process on each side of the centrum
attached primitively to the base of the neural arch, sometimes to the
centrum, and extending laterad, Each articulates with the dorsal head
(tuberculum) of the two-headed (bicipital) rib#
Zygapophysis; A process for articulation between two successive
vertebrae, and usually arising from the junction of the pedicle and
lamina*
Prezygapophysis; The anterior zygapophysis, The articular surface
bears an articular facet,
Postzygapophysis: The posterior zygapophysis.

The articular

surface bears an articular facet,
Metapophysis; A tubercle projecting from the dorsal aspect of the
anterior part of the transverse process of certain thoracic vertebrae,
or from the dorsal aspect of the prezygapophysis0 Sometimes called
mammillary process,
Anapophysis; A slender caudal projection of the transverse
process usually found in the lumbar vertebrae, but not confined thereto,
Hypapophysis: A mid-ventral projection from the centrum of some
vertebrae,
Pleuropophysja: A transverse process the distal tip of which
includes a fused short rib.

CERVICAL REGION (Fig* 1)
The cervical region measures 14-15 mm, being 13 per cent of the
total length of the vertebral column* The cervical vertebrae can be
readily identified, -with some exceptions as indicated below, by the
transverse foramina*
Atlas (Fig. 1, C-l)
The atlas is similar to that of other mammals* The vertebral
foramen is divided into dorsal and ventral parts by a transverse
atlantal ligament. The ventral part accommodates the odontoid process
of the axis. The dorsal part is occupied by the spinal cord. A small
median tubercle projects ventrad from the center of the ventral arch*
On the anterio-lateral aspect of this arch are two smooth, oval, con
cave, superior articular facets for articulation with the occipital
condyles. The transverse processes of the atlas are directed laterad
and ventro-caudad* In the base of the transverse processes are the
transverse foramina* The foramina are directed ventro-cephalad*

In

the laminae of the dorsal arch near the base of each transverse process
is located an additional (dorsal) foramen which is confluent with the
foramen transversarium* A third (superior or, atlantal) foramen is
located above each superior articular facet and is confluent with the
dorsal foramen on each side* The cranial part of the mid-dorsal surface
of the neural arch exhibits a depressed area0
Axis (Fig. 1, C-2)
The centrum of the axis is flat or slightly concave ventrally, and
slightly convex dorsally. The anterior third of the centrum, in the
region of the odontoid process, is thicker than the remainder. A slight

constriction between the odontoid process and the centrum appears on
the ventral aspect* The transverse processes are small and slender,
are directed caudad and somewhat dorsad, and terminate distally in a
tubercle* At the base of each transverse process is the transverse
foramen, directed obliquely ventro-cephalad* The inferior vertebral
notch is deep*
The neural spine is large, being four-ninths of the total height of
the vertebra* The prezygapophyses are oval, slightly convex, and directed
upward and laterado They are prominent components of the pedicles. The
postzygapophyses are dorsal to the inferior vertebral notch, and exhibit
a slightly concave inferior articular facet direct caudad*
Last Five Cervical Vertebrae (Fig* 1, C-3* C-6)
Centra: There is considerable variation among the last five cervical
vertebrae with respect to the morphology of the dorsal and ventral surfaces,
and homologous vertebrae vary from specimen to specimen* The surfaces may
be flat, slightly convex, or concave* From ventral view, the centra often
appear to be compressed laterally* The sixth cervical (C6) is usually the
largest vertebra in the cervical seriesj however, in two skeletons, C5 is
the largest*
Pedicles and Laminae: The pedicles are directed dorsad and laterad,
and the cranial borders are shorter and thicker than the caudal borders.
The medial surfaces are flat. The pedicles decrease in width, and
slightly in height, in caudal sequence*
The laminae are thin plates decreasing in size in caudal sequence,
and are directed dorso-mediad and slightly caudado The caudal borders
are thicker than the cephalic borders* A small prominence occurs on

10

the lateral aspect of each laminao
Tranaverse processes: The transverse processes arise at the base
of the pedicles and extend obliquely latero-caudad and slightly dorsad,
Distally, each process terminates in a tubercle* There is a progressive
increase in size of the transverse processes of C3, C4> and C5* The
transverse processes of C6 are wider than the previous ones, and extend
obliquely laterad* The distal ends are slightly convex;, directed
dorsad, and terminate in tubercles* In addition, there is a prominent
projection (inferior lamina) at the ventral surface of each transverse
process of C6 extending ventro-caudad, In two skeletons the inferior
laminae occur on C5« On C7 transverse processes extend laterad and
terminate in heavy tubercles which are directed dorsad, and are in
contact with the transverse processes of C6*
Neural spines: The neural spines are not prominent except in the
third vertebra, where the spine is triangular, with a pointed distal end*
The neural spines of the succeeding cervical vertebrae decrease in siae
in caudal sequence#
Foramina transversaria: A foramen transversarium occurs at the
base of each transverse process. The foramina vary in size, and may be
lacking on one or both sides in C7»
Prezygapophyses: The prezygapophyses of C3 are triangular in shape.
Those of C4 are irregular parallelograms. Those of C5, C6, and C7 are
dome-shapedo The prezygapophyses of the last five cervical vertebrae
are directed cephalad* The articular facets of C3 are flat, and
directed obliquely mediad and ventrad. Those of C4 are flat, have the
shape of a parallelogram, and are larger than those of C3* Those of C5
and C6 are similar to those of C4, but are oval. Those of C7 are similar

11

to those of C6, but are smaller#
Postzygapophyses: The postzygapophyses are smaller than the prezy
gapophyses#

They are triangular or dome-shaped in the last five cervical

vertebrae# All are directed caudad and slightly dorsad with the exception
of those of C7t which are directed caudad# They are oriented above the
level of the prezygapophyses, and tend to decrease in size in caudal
sequence# The articular facets of all are irregular, oval, flat, and
directed obliquely slightly laterad# They become progressively smaller
in caudal sequence#
Nutritive foramina: In addition to foramina transversaria, the
last five cervical vertebrae exhibit a number of other foramina# All
five cervical vertebrae exhibit one to five small foramina on the dorsal
aspect of the centrum# The ventral surface of the centrum exhibits one
to four small foramina# In a few cases, the lateral aspect of each
lamina exhibits a small foramen, as may, also, the medial surface of
each pedicle#
THORACIC REGION (Figs. 2, 6)
The thoracic region measures 3&-3&#5

being 32*7 per cent of the

total length of the vertebral column# The thirteen vertebrae in the
thoracic region increase in size caudad# The last two are transitional,
resembling the lumbar vertebrae in general morphology#
Centra; The caudal parts of the centra are slightly thicker than
the cephalic parts, are highly convex ventrally, and flat or slightly
concave, dorsally# The centra increase in size in caudal sequence# T1
through T12 exhibit anterior large, and posterior small, demifacets,
whereas T13 exhibits only an anterior demifacet#

12

Pedicles and Laminae: The pedicles of the first nine thoracic
vertebrae tend to increase in height and convexity in caudal sequence.
There is an increase in the width of the pedicles caudal to, and includ
ing, T10 with the exception of those of T5 which are narrower than those
of T2, T3, and T4* The pedicles of the last three vertebrae are all of
the same width. The first ten pedicles are directed dorso-laterad,
whereas the last three tend to be directed more dorsad. The caudal parts
of the pedicles of T3 through T13 are thicker than the cephalic parts.
The laminae become progressively wider and thicker, caudad. The
cephalic edges of those of T1 are thicker than the caudal edges, whereas
those of T2 through T5, and T7 and T8 exhibit no noticeable differences
in this respect. In T6, T10 and T13 the caudal edges are thicker. The
laminae are directed dorso-mediad and slightly caudad, in Tl. The
laminae of T2 through Til are directed more caudad, and decrease in
height in caudal sequence. Those of T12 are directed less caudad, and
those of T13 are directed dorso-mediad* The laminae of Tl through T8
exhibit a depressed area extending between the postzygapophyses and the
neural spine in the caudal half of each lamina. Those depressed areas
are lacking in T9 through T13,
Transverse processes (Figo 6): The transverse processes of Tl are
directed laterad and slightly dorsad, terminating more ventrad than the
prezygapophyses and postzygapophyses. Those of T2 extend more dorsad
than the prezygapophyses. Those of T3 through T3 are directed more dorsad
than in the preceding, and are well separated from the prezygapophyses.
Those of T9 are above the level of the prezygapophyses but below the level
of the postzygapophyses. Those of T10 are thin plates directed dorsolaterad* They extend from the junction of the laminae and pedicles, and

13
are less prominent than those of the preceding* Those of Til, T12, and
T13 are directed dorso-laterad and caudad, exhibiting a pointed anapophysis*
The transverse processes of Tl and T2 are the smallest in the series.
Those of T2 are not well separated from the prezygapophyses, and are
wider than those of the first. Those of T3 and T4 are larger than the
preceding, are well separated from the prezygapophyses, and are rectan
gular in shape. Those of T5 are irregular in shape and larger than the
preceding. Those of T6 are larger than those of T5, and rectangular.
Those of T7 and T3 are similar to those of C6, but larger, T9 exhibits
larger transverse processes than TS, Those of Til decrease in size.
Those of T12 appear to be continuous with the prezygapophyses. Those
of T13 are located posteriorly, and are irregular in shape with a
pointed anapophysis.
The dorsal aspects of the transverse processes of T4 through T10
exhibit convex metapophyses which are located on the dorsal surface of
the anterior parts of the transverse processes and tend to increase in
size in caudal sequence. The last three thoracic vertebrae exhibit
metapophyses on the dorsal aspects of the prezygapophyses.
The articular facets for the ribs (Fig, 6): The articular facets
of the first four transverse processes are approximately circular and
serve for articulation with the tubercula of the first four ribs. The
concavities of the first two articular facets are more prominent than
in the next two. In T5, diapophyses for articulation with the tubercula
appear as separate projections on the lateral aspect of the transverse
processes. These diapophyses become increasingly larger and tend to
separate more and more from the transverse processes in caudal sequence
to T10, where the diapophyses are found near the demifacet of the centrum.

1h
The articular facets in T6 are irregular in shape, in T7 they are circu
lar, in T8 they resemble a par all elpgram, in T9 they are oval and in
T10 each appear s o n a short diapophysis projecting from the pedicle*
Diapophyses are absent in Til, T12 and T13, and there is a single
demifacet on the cranial and caudal end of each of those vertebrae
except T13, in which only an anterior demifacet occurs*
Neural spinest
direction*

The neural spines differ in thickness, height, and

The first is a small projection curving caudad, and is the

smallest in the series*

The second is the tallest in the entire column,

being directed dorsad and caudad*
a proximal, and distal segment*

In one specimen only it consists of

The third neural spine is shorter than

the second, but taller than the remaining ones*

The spines become

progressively larger caudal to the eighth thoracic vertebra*

The last

four spines are wider and thicker than the preceding and similar to
those of the lumbar regLon in general morphology, although they are
smaller than the latter,
Prezygapophyses (Fig* 6):

The prezygapophyses of Tl are dome-shaped

and located above the level of the transverse processes, being directed
cephalad and slightly dorsad*

Those of T2 are similar in shape to those

of Tl, are fused with the transverse processes and extend below the level
of the latter, being directed cephalo-laterad*

Those of T3 through T9

are dome-shaped and well separated from the transverse processes*

Those

of the last four thoracic vertebrae are irregular in shape and located
above the level-of the transverse processes, being larger than the preced
ing ones*
The superior articular facets vary in shape and orientation on
different vertebrae*

The facets on Tl are flat and directed obliquely
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mediad, dorsad, and cephalad# Those of T2 are oval, and shorter than
those of Tl, and directed less mediad# In one skeleton they are directed
laterad, dorsad, and cephalad* Those of T3 through T9 are flat and
directed laterad, dorsad, and cephalad, and increase in 3ize in caudal
sequence# Those of T10 through T13 are concave, wider than the others,
and directed mediad, dorsad and cephalad, but less obliquely than those
of Tl and T2#
Postzygapophyses (Fig# 6): The posterior ends of the laminae
terminate as the postzygapophyses# Those of Tl are not clearly distin
guishable from the laminae, are directed laterad and dorso-caudad, and
exhibit dome-shaped inferior articular facets. Those of T2 and T3
project slightly behind the posterior edges of the laminae, are directed
dorso-caudad and exhibit flat, triangular facets. Those of T4 through
T8 increase in size in caudal sequence, being directed dorso-caudad, and
having flattened facets which tend to increase in size in caudal sequence*
Those of the remaining thoracic vertebrae are directed dorso-laterad and
tend to increase in thickness# They are readily distinguishable from
the laminae, and exhibit flat facets directed laterad and dorso-caudad#
Progressively from anterior to posterior, the facets become directed
caudad only. The postzygapophyses in the thoracic region tend to lie
increasingly closer to the neural spines in caudal sequence#
Nutritive foramina: One pair of small foramina occurs on the dorsal
surface of the centrum except in rare instances# The ventral surfaces
and the lateral aspects of the centra in some vertebrae exhibit one or
two very small foramina# The dorsal aspect of the left lamina in a few
cases exhibits very small foramina#

16

LUMBAR REGION (Figs. 3, 6)
The six lumbar vertebrae exhibit the largest centra and neural
spines of the vertebral column. They increase in size caudad with the
exception of L6 which is smaller than L%

The lumbar region measures

27-30 mm, representing 24 per cent .of the total length of the vertebral
column.
Centra: The caudal parts of the centra are slightly thicker than the
cephalic parts. The anterior third of each centrum is laterally compressed
in the first four vertebrae; in the last two, they are compressed in the
mid-region*

In LI the dorsal surface of the centrum is slightly concave

throughout and the ventral surface is convex at the cranial and caudal
ends only. The mid-ventral surface exhibits a prominent sharp edge. The
shape of the centrum of the second vertebra is similar to that of the
first, but the ventral edge is less prominent.

In the remaining lumbar

vertebrae the ventral edges are not sharp, and the ventral surfaces of the
cranial halves of the centra are more convex than the caudal halves.

In

L5 and L6 the mid-ventral surfaces of the caudal parts exhibit shallow
triangular depressions. The dorso-lateral surface of the centrum of
L6 exhibits a shallow groove which extends forward before disappearing
under cover of the neural archo
Pedicles and Laminae: The pedicles of the lumbar vertebrae are
wider than those of the thoracic, and extend along the cranial two-thirds,
or three-fourths, of the latero-dorsal aspects of the centra. Cranially
they are directed dorsad, but caudally they are directed dorso-laterad.
The medial surfaces of the pedicles are more concave caxidally than
cranially, and the cranial portions are thicker than the caudal.
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The caudal parts of the laminae are thicker than the cranial parts*
Those of LI are directed dorso-mediad* The caudal parts of the laminae
of the remaining ltoribar vertebrae are directed more dorsad than are the
cranial parts*
Transverse processes: There is considerable variation among the
transverse processes of the lumbar vertebrae in shape, size, and
direction* The caudal parts of the first three are more prominent than
the cephalic parts. The cephalic parts tend to increase in size in
caudal sequence. The caudal parts of the transverse processes of the
last three lumbars tend to decrease in size0 In general, the transverse
processes are directed ventro-cephalad* The cranial part of LI exhibits
a scarcely-pronounced tubercle which recurs as a progressively larger
protuberance in succeeding vertebrae. On the contrary, the tubercle of
the caudal part is larger on LI and becomes progressively smaller through
L4, and is absent on L5 and L6* The transverse processes of L5 and L6
do not extend behind the posterior edges of the pedicles.
Neural spines: The neural spines, except on L6, increase in height
in caudal sequence and are directed caudad* The caudal edges of the neural
spines in all six lumbar vertebrae are shorter than the cranial edges,
Prezygapophyses: The prezygapophyses are successively reduced in
size caudally* The first four are irregular in shape, the last two are
dome-shaped. Those of the first three lumbar vertebrae are higher than
those of the last three. The prezygapophyses of the first four lumbars
are directed dorsad and slightly laterad, whereas those of the last tiro
are directed more laterad* The superior articular facets are concave and
irregular in shape. The dorsal surfaces of the prezygapophyses exhibit
prominent metapophyses*

IS
Postzygapophyses: The large postzygapophyses are located above the
level of the caudal parts of the transverse processes,, They progressively
increase in size caudad and exhibit more or less rounded distal ends* The
articular facets are convex# The postzygapophyses of each vertebra tend
to lie closer to the neural spine in caudal sequence#
Hypapophvses: The second lumbar vertebra in one skeleton exhibits
a prominent hypapophysis, -which occupies the caudal half of the midvdntral aspect of the centrum# It is directed ventro-caudad and has a
pointed distal end#
Nutritive foramina: As in the cervical and thoracic vertebrae, the
dorsal surfaces of the lumbar centra exhibit two relatively large foramina,
and the ventral and lateral surfaces exhibit one or two small or tiny ones*
One or two equally small ones may occur on one or both sides of the
pedicle and lamina#
The right medial surface of the pedicle of the first lumbar centrum
in one skeleton exhibits a narrow antero-posteriorly directed canal which
terminates at both ends in a foramen# The canal has been seen also on
the left medial surface of the pedicle of L2 in another skeleton# In
some lumbar vertebrae foramina are absent on the medial surface on one
or both sides#
SACRAL REGION (Figs# 4, 5, 6)
The region, composed of four sacral vertebrae, measures 12-13 mm,
which is 10oS per cent of the total length of the vertebral column. The
first sacral vertebra, with its transverse processes, is the widest of all
the vertebrae in the column#
Beddard (1923) defined the sacrum as “the two or three vertebrae
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whose expanded transverse processes meet the ilia*1* The definition is
not appropriate in hamsters, in which the sacrum is fomed by fusion of
the centra of the four sacral vertebrae, the first three being also
united by their transverse processes, and only the first one (SI) arti
culating via transverse processes, with the ilia0
Centra: The cranial parts of the centra are thicker than the caudal,
are convex or flat ventrally, slightly concave dorsally and, in general,
compressed laterally and ventrally# The centra decrease in size in caudal
sequence* The first centrum is not compressed ventrally, and is flat or
slightly convex at both ends ventrally* The dorsal surface is flattened
or slightly concave cranially, more concave caudally* The centrum of S2
is compressed ventrally and laterally, the ventral surface is convex, and
the dorsal surface is more concave caudally than cranially* The dorsal
and ventral surfaces of S3 are similar to those of S2*
Pedicles and Laminae: In some skeletons it is difficult to distin
guish between the pedicles, the upper lateral parts of the centrum, and
the medial parts of the transverse processes of SI,

In general, the

pedicles of SI are very much thicker cranially than caudally. The
pedicles and transverse processes become more definable in caudal sequence*
The concavity of the medial surfaces of the cranial part of the pedicles
is less than in the caudal part* The concavity is reduced caudad* The
pedicles of the sacral vertebrae extend along the first two-thirds of the
lateral upper parts of the centrum, are directed dorsad and slightly laterad
in SI, S2, and S3, and more dorsad in S4*
The laminae are thinner than the pedicles, and are directed dorsomediad and caudad. The cranial parts are thinner than the caudal parts
and are directed dorsad to a lesser degree0
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Transverse processes:

The first sacral vertebra is distinguished

by the presence of very broad transverse processes directed dorsad and
cephalo-caudad.

The caudal edges are wider than the cranial edges.

The

second sacral exhibits transverse processes which arise at the junction
of the pedicles and the laminae and which are directed dorso-laterad.
They extend along the total length of the centrum and exhibit inferior
laminae which extend ventrally (Figs. 4» 6).

In S3 the transverse

processes extend laterad, and ventro-caudad.

The cranial parts are

thicker than the caudal parts and extend along the cranial two-thirds
of the centrum.

S4 exhibits the smallest transverse processes in the

sacral series*

The processes are not fused with those of the first

three sacrals.

They extend laterad with the distal ends curved ventrad.

In one skeleton, the distal ends of the transverse processes of S4 are
directed more cephalad than usual.
Neural spines: The neural spines of the sacral vertebrae are
similar in shape to those of the lumbar region, and are directed dorsad.
In SI the height of the spine is greater than the length. Each of the
remaining neural spines is slightly shorter. That of S4 is the thickest
neural spine in the series. In all four sacral vertebrae the distal parts
of the spines are thickest.
Frezygapophyaes; The prezygapophyses are progressively smaller in
caudal sequence. Those of SI are the largest prezygapophyses in the
vertebral column. They are directed laterad and dorso-cephalad, and
exhibit concave articular facets. Those of the last three sacrals are
smaller than those of the SI and more or less of the same size. Those of
S2 are directed more dorsad and exhibit concave articular facets. Those
of S3 and S4 are closer to the cranial border of the neural spines than
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those of S2 , are directed dorsad, and have slightly concave articular
facets* The prezygapophyses of the sacral vertebrae exhibit metapophyses
on their dorso-cephalic aspects*
Postzygapophyses; The postzygapophyses of the sacral region are
similar to those of the lumbar region in regard to their location and
invariable shape, in general* The postzygapophyses are located lateral
to the basal part of the posterior end of the neural spines, and are
directed caudad and dorsad* They are above the level of the prezyga
pophyses and transverse processes* The articular facets are flat and
directed laterad* There is no considerable decrease in size of the
postzygapophyses in the sacral region in caudal sequence*
Nutritive foramina: As in the cervicals, thoracics and lumbars,
the dorsal surfaces of the sacral vertebrae exhibit two relatively large
foramina* On the other hand, the ventral surfaces exhibits numerous
variations with respect to the number and size of the foramina* Foramina
are lacking on the sides of most centra, but may occur in the right or
left lamina and pedicles, being variable in size*
CAUDAL RB3JDN (Figs. 5, 6 )
The caudal region measures 23-24 mm, representing 20 per cent of the
total length of the vertebral column* The caudals are the smallest
vertebrae in the column and decrease in size caudad*
Centra: The cephalic part of the centrum is thicker than the caudal*
The centra are compressed mid-laterally* Those of Cdl through Cd4 are
convex ventrally and flat or slightly concave dorsally* Those of the
remaining vertebrae are less convex ventrally*
Pedicles and Laminae: In general, the cranial parts of the pedicles

are thicker than the caudal parts* The pedicles are directed dorsad and
decrease in size in caudal sequence* Those of Cdl through Cd3 extend
along the cranial two-thirds of the centra* Those of Cd4 and Cd5 extend
along the cranial one-half of the centra* Those of Cd6 are considerably
reduced in size and* in one skeleton, the pedicles are incomplete,
dorsally* In one skeleton, the right pedicle of Cd6 is present but not
well developed, and the left is absent* In another skeleton, the
pedicles of Cd6 are very short and narrow, and extend along the third
quarter of the centrum* In one skeleton, Cd7 exhibits a left pedicle
only*

In Cd8 the pedicles are rudimentary or absent* In the remaining

caudal vertebrae, pedicles are absent*
The laminae are thicker caudally than cranially, and are directed
dorso-mediad, and caudad* They are wider than the pedicles* The laminae
of Cds5-Cds7 are very narrow and short* In the remaining caudals the
laminae are absent*
Transverse processes; The transverse processes arise from the
upper parts of the.centra and appear to be extensions of the pedicles*
Those of Cdl extend along the cranial two-thirds of the centrum* The
distal part is thicker, and is directed laterad and slightly dorsad*
Those of the Cd2 are similar to those of Cdl and extend laterad, slightly
ventrad, and cephalad* The distal ends are thick* In two skeletons,
the distal ends of the right transverse processes are directed dorsad*
In another three skeletons the distal ends are directed ventrad* Those
of Cd3 extend cephalad and laterad and the thick distal ends are directed
more cephalad and are curved ventrad* In one skeleton the right transverse
process is thicker than the left and is shorter than the processes of the
preceding vertebrae* Those of Cd4 are smaller and extend laterad and
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more cephalad than those of the preceding* The thick distal ends are
directed ventrad* The proximal ends extend along the lateral aspect of
the dorsal parts of the centra* Those of Cd5 and Cd6 are narrower than
in Cd4, and extend along the lateral aspects of the centrum* The distal
ends extend cephalad and ventrad* Those of Cd7 and Cd8 are similar to
those of Cd6 , but smaller* Those of Cd9 and CdlO are rudimentary* The
remaining caudal >vertebrae lack transverse processes*
Neural spines:
of the dorsal arch*

The neural spines extend along the mid-dorsal line
The distal ends are thicker than the bases, and the

cranial parts are thinner than the caudal parts, and are directed caudad
and slightly ventrad*
sequence*

The neural spines decrease in size in caudal

The shape of the dorsal surface of the neural spine of Cd2

in three specimens is oval, and in one specimen the psoterior end is
thicker than the anterior*

That of Cd6 is rudimentary*

In Cds7-Cdsl3

the neural spines are absent*
Prezygapophyses:

The prezygapophyses arise from the junctions of

the pedicles and laminae, and are directed laterad and dorso-cephalad*

The prezygapophyses are continued along the lateral aspect of the vertebrae
as an elevated ridge which is continuous with the postzygapophyses* The
articular facets are irregular in shape and concave* Those of Cd4 and
Cd5 are directed more laterad* Those of Cd6 are very small and arise
from the lateral parts of the anterior ends of the centrum* Those of
Cds7 through CdslO are rudimentary* The remaining caudal vertebrae lack
prezygapophyses*
Postzygapophyses: The postzygapophyses are thicker and smaller in
size than the prezygapophyses and are directed dorso-caudad*
lar facets are slightly convex and directed laterad*

The articu

The distal ends are
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rounded, and are wider than the bases* The postzygapophyses decrease in
size in caudal sequence* Those of Cd5 are the smallest* Postzygapophyses
are absent in Cds6 through Cdsl3*
Nutritive foramina: The caudal vertebrae differ from the other
vertebrae in the column with respect to the presence or absence of nutri
tive foramina on the dorsal surface of the centra* In a few specimens,
one or two small foramina are present on the dorsal surface* On the
ventral surfaces of Cdl and Cd2, one or two small foramina are present*
Foramina large enough to be seen with the dissecting microscope rarely
occur in other caudals* Cd2 and Cd3 exhibit one or two small foramina
at the bases of the neural spines, and at other dorsal surfaces of the
transverse processes* Cd4 through Cd6 rarely exhibit foramina on the
ventral surfaces, or on right and left sides* Foramina are lacking on
the dorsal surfaces*
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NUMERICAL KE3C
Figures 1-28 Inclusive
I. Centrum0
2

* Neural spine.

3. Prezygapophysis,
4* Postzygapophysis.
5. Transverse process*
6

. Foramen transversarium.

7. Pedicle.
S. Lamina.

H
O
•

9* Superior articular facet.
Inferior articular facet.

11

. Odontoid process.

12

. Transverse atlantal ligament.

13. Inferior lamina.
14* Hypapophysis.
15. Atlantal foramen.
16

. Dorsal foramen.

17.

Inferior notch.

18. Inferior articular facet of the atlas
19. Metapophyses*
20

o Demifacet.
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. Diapophysis.

Figure 1

CIA, C3A, C6 A, Cephalic view*
CIB, C2A.

Caudal view*

C2B, C3B, C6Bo Lateral views, head
to the left.
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FIGURE 1

Figure 2
Selected thoracic vertebrae
A. Cephalic view*
B* Caudal view*

FIGURE 2

Figure 3
Lumbar vertebrae L—2 and L4
A, Caudal viwa
B* Cephalic view*
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FIGURE 3

Figure

4

Sacral vertebrae S-l, S-2 and S-3
A* Cephalic view0
B • Caudal view.

4

B

S-2

FIGURE 4

B

Figure 5
Left, above*

Sacrum, dorsal view*

Right, above. Cd-1, Cd-4, dorsal view.
Below, A, B, Variations in neural arches of
Cd-6 . The dotted lines indicate
the missing parts of the arches.
Dorsal and cephalic views.
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Figure 6
Lateral view of selected vertebrae,
head end to left* Articular
facets on T1 - T13, stippled*
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FIGURE 6

IV. EPAXIAL MUSCLES
The epaxLal muscles of vertebrates are those restricted, to the dorsal
aspect of the body above the transverse processes and innervated by the
dorsal rami of the spinal nerves. The muscles -will be discussed under the
following headings;
1. Muscles Primarily Associated with the Cervical Region.
2. Muscles Primarily Associated with the Thoracic Region.
3. Muscles Primarily Associated with the Caudal Region.
4.
1.

Muscles

Extending over Several Regions of the Vertebral Column,

Muscles Primarily Associated with the Cervical Region

These are the epaxial muscles which are restricted mainly to the
head region and cervical vertebraeo This group consists of the following
muscles or groups of muscles;

splenius, biventer cervicis, rectus group,

obliquus group, complexus, and longus atlantis*
SPLENIUS (Figs.

9, 10, 11, 12, 15, 17, IS);

Origin. The muscle originates from the tips of the neural spines
of vertebrae T2 and T3, and by muscle fibers from the nuchal ligament.
Insertion. The muscle inserts by muscle fibers on the caudal
border of the nuchal ridge, extending from the mid-dorsal line to a
point 2 mm laterad thereto. The insertion curves ventro-laterad and
extends to the latero-caudal process. The remainder of the insertion is
on the lower edge of the nuchal ridge.
Gross Structure. The muscle is narrowest and thickest nearest the
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origin, and becomes thinner craniad* Near its origin the muscle is
covered by a thick, tough fascia which connects this part of the splenius
with the insertion of the serratus posterior superior (Fig* 11)* The
muscle fibers extend cranio-dorsad*
Relations* The left and right muscles are separated by the nuchal
ligament* It is medial to the levator scapulae dorsalis, ventral to the
rhomboideus, and superficial to

the biventercervicis.

COMPLEXUS (Figs* 11,

17):

12, 15, 16

Origin* The muscle has a dorsal and ventral belly* The muscle
originates by muscle fibers from the dorsal surfaces of the transverse
processes of vertebrae T1 or T2 through T5, and from the postzygapophyses
of vertebrae C4 through C7*
Insertion* The dorsal belly is inserted on the mastoid process of
the squamosal bone by a tough, relatively long tendon* The ventral
belly is inserted ventral to the insertion of the dorsal belly by a
tendon* By careful examination it is possible to separate the two
inserted portions which are located one above the other*
Gross Structure* The muscle extends between the mastoid process
and the fifth thoracic vertebra* The part of the muscle between verte
brae T4 and C6 is 0*25 mm thick* It becomes progressively narrower and
thicker craniad* The two bellies are readily identifiable at the level
of C4* In the region of C2 the bellies are 2 mm thick and 1*75 mm wide0
The muscle fibers are directed cranio-dorsad, and the parts of the fibers
in the region of the bellies are curved slightlyventrad before the inser
tion, The muscle as a whole is

24 mm long.

Relations* The muscle lies medial to the longissimus dorsi pars
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cervicis and lateral to the biventer cervicis.

The bellies are in

contact with the cranial part of the splenius.
Variation,

The two bellies are not always clearly distinguishable,

BIVEHTHt CERVICIS (Figs, 11, 12, 13, 15, 17, IS)t
Origin,

This muscle exhibits five prominent heads in the thoracic

region and smaller, less prominent heads in the cervical region.

The

first thoracic head arises by muscle fibers from the dorsal aspect of
the transverse processes of vertebrae T1 and T2,

The remaining heads

arise from the dorsal surfaces of the distal ends of the transverse pro
cesses of vertebrae T3 through T6, inclusive.
The cervical heads arise from the dorsal aspect of the postzyga
pophyses and adjacent parts of the laminae of vertebrae C3 through C7,
inclusive, and from the postzygapophysis of C2,
Insertion,

The muscle is inserted on the posterior part of the

nuchal ridge by muscle fibers medially and by an aponeurosis laterally
(Fib. 13),
Gross Structure.
vertebra T6,

The muscle extends from the nuchal ridge to

It exhibits a tendinous inscription which traverses the

muscle starting from the dorsal edge at a point 7 mm behind the mid
dorsal point of the nuchal ridge.

The inscription then extends caudo-

ventrad and finally curves cranio-ventrad to reach the ventral border
of the muscle in the vicinity of the prezygapophysis of C2.
Relations.
nuchal ligament.

The left and right muscles are separated by the
Caudal to the axis the space between the left and right

muscles is occupied by lymphatic and connective tissues.
ventral to the splenius (Fig, 11, 12).

The muscle lies

The basal part of the thoracic
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portion is medial to the longissimus dorsi pars cervicis, to the cranial
part of the longissimus dorsi pars thoracis, and to the complexus, and
dorsal to the rectus capitis dorsalis major, and to the obliquus capitis
inferior0

It is lateral to the semispinalis cervici3 .

Variation# There are prominent variations in the tendinous inscrip
tion, which may be longer or shorter and more or less curved than
described above#
RECTUS CROUP
This group consists of the rectus capitis dorsalis major, rectus
capitis dorsalis minor, and rectus capitis lateralis#
RECTUS CAPITIS DORSALIS MAJOR (Figs# 13, 14, 15, 16-A, 17):
Origin# From the dorsal and lateral aspect of the anterior half
of the neural spine of the axis# The most medial fibers originate from
the ligament extending from the superficial part of the rectus capitis
dorsalis minor to the neural spine of the axis#
Insertion# The superficial fibers insert by muscle fibers on the
upper-most border of the supraoccipital bone near the nuchal ridge,
commencing

2

mm lateral to the mid-dorsal line and extending laterad as

far as the latero-caudal process of the occiput# The ventral fibers
insert on the supraoccipital bone# The superficial and deeper fibers of
the ventral border of the muscle insert by a fascia on the lateral part
of the supraoccipital area of the skull# This fascia is not distinguish
able until the muscle fibers are removed#
Gross Structure# This is one of the deepest muscles in the dorsal
cervical region# It is narrower posteriorly and progressively increases
in width craniad as far as the level of the transverse process of the
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atlas, \ifhere it attains a width of
vjidth, being

3

5

nim; thereafter, it decreases in

om. vri.de at the upper border of the supraoccipital bone.

The muscle fibers are directed cranio-dorsad and laterad.
Relations, The muscle is lateral to the rectus capitis dorsalis
minor, dorsal to the rectus capitis lateralis and obliquus capitis
inferior, and ventral to the biventer cervicis,
RECTUS CAPITIS DORSALIS MINCH (Figs, 13, 15, 16-0, 17):
Origin, The left and right muscles originatefrom a common depression
on the anterior mid-dorsal part of the dorsal archof the

atlas. The

superficial fibers arise by a broad thick, fascia, whereas the deep fibers
arise by a tendon.
Insertion, The superficial fibers insert on the upper border of
the supraoccipital bone near the nuchal ridge from the mid-dorsal line
to a point 2 mm lateral thereto. The insertion of the deeper medial
fibers extends

2

mm ventrad on the supraoccipital bone, whereas the

insertion of the deeper lateral fibers extends

3

nm ventrad.

Gross Structure, The muscle is triangular asobserved from a
dorsal view, with the base located cranially. Themuscle fibers are
directed obliquely cranio-dorsad. The more ventral fibers are shorter.
The muscle is 8 ,75 nm long, 2 mm vri.de, and 0,75-1 mm thick.
Relations, The ventral aspect of the muscle is in contact with
the supraoccipital bone. The lateral surface of the muscle is in contact
with the medial border of the rectus capitis dorsalis major.

It is

covered by the anterior dorsal part of the biventer cervicis,
RECTUS CAPITIS LATERALIS (Figs. 13, 14, 15, 16-0, 17):
Origin, The muscle consists of three parts which exhibit separate
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origins# The superficial part originates by a narrow aponeurosis and by
muscle fibers from the cranio-lateral border of the transverse processes
of the atlas# The middle part originates by a broader aponeurosis
immediately below the origin of the first part* The superficial fibers
of the deep part originate by a narrow aponeurosis and by muscle fibers
from the ventral aspect of the lateral part of the transverse process
of the atlas; whereas the deeper fibers of the deep part originate by
muscle fibers from the ventral aspect of the transverse process.
Insertion* The superficial part inserts by a thin aponeurosis
on the medial limb of the .nuchal ridge. The middle part inserts by
muscle fibers on a fossa above the occipital condyle, on a fossa on the
exoccipital bone, and on the nuchal ridge (Figo 17)* The deep part
inserts on the jugular fossa*
Gross Structure* The muscle is located between the transverse
process of the atlas and the nuchal surface of the skull. The super
ficial part covers the dorsal and upper medial portion of the middle
part*

Its fibers are directed cranio-dorsad* This part is very thin*

The middle part is the largest part of the muscle.

Its fibers are

directed chiefly cranio-dorsad, although the more ventral fibers curve
slightly ventrad* The deeper fibers are shorter* It is 7 mm long,
2.5 ram id.de, and the belly is 1*75 mm thicko The deep part is the
shortest part of the muscle.

It is 3-3*5 mm long, 1*25 mm wide, and

the belly is 1 mm thick* Its fibers are directed craniad*
Relations* The dorsal border of the muscle is in contact with
the lateral border of the anterior part of the rectus capitis dorsalis
major. The lower border is in contact with the obliquus capitis superior.
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The muscle as a whole is medial to the anterior part of the biventer
cervicis*
Variation* In some specimens this muscle shows four parts* The
fourth part is a ventro-lateral part which covers the ventral aspect of
the middle part, and inserts by a thin tendon near the insertion of the
latter.

Its origin is by a flat tendon from the lateral border of the

transverse process of the atlas, above the origin of the: middle part*
OBLIQUUS CAPITIS GROUP
This group consists of the obliquus capitis inferior and obliquus
capitis superior, these being located ventral to the rectus capitis
group.
OBLIQUUS CAPITIS INFERIOR (Figs. 13, 14, 15, l6 -B):
Origin. From the lateral surface of the neural spine of the axis
by muscle fibers* The superficial lateral fibers originate from the
latero-posterior edge of the neural spine, whereas the medial fibers
originate from the lateral aspect of the spine,

0*75

mm below its

dorsal border. The origin of the most medial fibers is higher than that
of the lateral fibers*
Insertion* The superficial fibers insert on the dorso-lateral
part of the transverse process of the atlas by an aponeurosis* The
deeper fibers are inserted by muscle fibers immediately under the
insertion of the superficial fibers.
Gross Structure. The muscle extends between the neural spine
of the axis and the transverse process of the atlas. The ventral super
ficial and deep fibers are directed cranio-laterad, and curve slightly
ventrad* The remaining superficial and deep fibers are directed more

laterad, and cranio-ventrad. The muscle fibers tend to be reduced in
length mediad# The muscle is
is

7

6

mm long, 2,5 nun wide, and the belly

mm thick*
Relations, The superficial fibers of the muscle are in contact

cranially with the rectus capitis dorsalis major and caudally with the
semispinalis capitis. The muscle is medial to the biventer cervicis0
OBLIQUUS CAPITIS SUPERIOR (Figs. 14, 15, 16-C, 17):
Origin. This muscle consists of a medial and lateral part* The
two parts of the muscle have a common origin by a tendon and by muscle
fibers from the latero-ventral border of the transverse process of the
atlas.
Insertion. The muscle as a whole inserts by muscle fibers and by a
tendon on the exoccipital bone medial to the mastoid process of squamosal
bone. The lateral part inserts by a narrow tendon and a few muscle
fibers. The medial part inserts by muscle fibers only, dorsal to the
insertion of the lateral part.
Gross Structure. The muscle is located between the transverse
process of the atlas and the exoccipital bone. The lateral part exhibits
a bipinnate structure. The fibers are directed cranio-dorsad. The
superficial fibers of the lateral surface are longer than the deeper
fibers.
The muscle fibers of the medial part are directed cranio-dorsado
This part of the muscle is slightly thinner than the lateral part, being
0.75-1 urn thicko Caudally, the fibers of this part intermingle with
those of the deep part of the rectus capitis lateralis.
Relations. The muscle is located medial to the cranial part of the
complexus below the rectus capitis lateralis0

Variation* In some specimens it is difficult to separate the
muscle into lateral and medial parts. In one specimen the insertion of
the lateral part is by a relatively wide, flat tendon.
SEMISPINALIS CERVICIS (Figs, 13, 14, 15):
The muscle consists of lateral and medial parts.
Origin. The lateral part exhibits six separate origins as follows:
(1) The anterior-most head originates by muscle fibers and by a
thin tendon from the dorsal-most parts of the laminae of vertebrae C3
and C4«
(2) The second head originates by a short, thin tendon and by
muscle fibers from the cranial aspect of the dorsal-most part of the
laminae of C5.
(3) The third head originates by a tendon and by muscle fibers
from the cranial aspect of the dorsal-most part of the lamina of C6.
(4) The fourth head originates by a tendon and by muscle fibers
from the cranial edge of the dorsal-most part of the laminae of C7.
(5) The fifth head originates by a tendon from the postzygapophysis
of Tl.
(6) The sixth head originates by a tendon and by muscle fibers
from the postzygapophysis and lateral part of the lamina of T2.
The medial part originates by muscle fibers from the dorsal aspect
of the transverse processes of T3 to T7» inclusive.
Insertion. The lateral part is inserted by muscle fibers and by a
thin, short tendon on the postero-lateral edge of the neural spine of
the axis* The medial part inserts by muscle fibers on the lateral edge
of the neural spine of vertebrae C3 to C6, inclusive.
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Gross Structure. The lateral part extends between the neural spines
of the axis and T2. The muscle fibers are directed cranio-dorsad, and
the more ventral fibers tend to be shorter. The muscle measures 12 mm
along the edge, is 3 mm wide, and the belly is 1 mm thick. The muscle
bundles overlap each other in caudal sequence.
The medial part extends between the neural spines of 03 and T2.
The muscle fibers are directed cranio-dorsad, and the more ventral fibers
tend to be shorter<> The muscle measures 14-14*25 mm along the edge, is
3 mm wide in the middle region, and the belly is 1.25 mm thick.
Relations.

The muscle is medial to the biventer cervicis.

Its

cranial end is ventral to the obliquus capitis inferior.

Variation. In one specimen the lateral part of the muscle exhibits
only five heads, and no head is attached to T2o
LONGUS ATLANTIS (Fig. 12-A):
Origin. The muscle consists of four sheets of muscle fibers with
distinguishable origins. The superficial fibers (the dorsal sheet)
originate by a flattened tendon and by muscle fibers from the distal
ends of the transverse processes of C6 and C7. The muscle fibers of
the next two successively deeper sheets originate from the distal ends
of the transverse processes of C4 and C5, respectively. The muscle fibers
of the deepest sheet originate by a short narrow tendon from the distal
ends of the transverse processes of C3, and by muscle fibers from the
transverse processes of C2.
Insertion. The superficial fibers of the muscle insert by an
aponeurosis and by muscle fibers, whereas the deeper fibers insert by
muscle fibers on the ventral aspect of the caudal part of the transverse
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processes of the atlas.
Gross Structure. The muscle extends between the transverse
processes of the atlas and the transverse processes of the cervical
vertebrae. The muscle fibers are directed cranio-dorsad. The muscle
tends to become thicker craniad. The muscle is 11 mm long, 2 mm wide,
and the belly is 1 mm thick.
Relations. The muscle is dorsal to the scalenus anticus<> Its
cranial part is lateral to the cranial part of the intertransversarii of
the cervical region. It is dorsal to the longus capitis.
Variation. In some specimens the muscle exhibits only two muscle
sheets.
2. Muscles Primarily Associated with the Thoracic Region
SPINALIS DQRSI

(Figs, 11, 12, 13, 14, 15, 13, 19, 20, 21-A, 22):

The muscle exhibits three successive muscle bundles with the follow
ing origins:
Origin: (1) The superficial bundle originates from the dorsal
aspect of the neural spines of LI and T13 by a strong tendon 26 mm long.
The tendon extends along the muscle bundle nearly to its tip.
(2) The second bundle is located ventral to the first, and originates
by tendons from the metapophyses of T13 and LI, the two tendons uniting
in the vicinity of the metapophysis of T12. The tendon as a whole is
23 mm long.
(3) The third, and most ventral, bundle arises from the metapophysis
of T12 via a tendon 16 mm long.
Insertion. The muscle inserts on the latero-dorsal part of the neural
spines of C7 through T13. The insertion on C7 is via muscle fibers. The
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insertions on the neural spines of T1 through T6 are by tendons and
muscle fibers© The insertion of the remainder of the muscle is by
muscle fibers,
G-ross Structure, The muscle extends between C7 and LI, The fibers
of the three bundles are intermingled. Each muscle bundle exhibits an
unipinnate structure. The muscle fibers are directed craniad and
obliquely mediad toward the neural spines, and tend to become shorter
in caudal sequence. The muscle is 39 mm long and, in the vicinity of
the ninth thoracic neural spine, it is

35

mm wide. The belly is 2,5 mm

thick.
Relations, It lies lateral to the neural spines of C7 through
T13> and medial to the longissimus dorsi pars thoracic,
ILIOCOSTALIS (Figs, 11, 12-B, 13-B);
In most specimens this muscle exhibits* except in the region of
origin, four partially separable bundles of muscle fibers. Each bundle
is made up of a number Of laminae, or sheets.
Origin, All the superficial fibers of the four bundles arise from
the dorsal surface of the eleventh rib by muscle fibers and by a common
flattened tendon. In addition, the anterior bundle exhibits deep muscle
sheets which arise from the dorsal aspects of the tenth to the fourth
ribs, inclusive. Each of the remaining bundles exhibits two or three
muscle sheets which arise from the dorsal aspects of the successive ribs
craniad to the eleventho In general, the deep muscle sheets arise by
muscle fibers and flattened tendons with the exception of the most
anterior four sheets, which arise by muscle fibers only.
Insertion. The postero-lateral-most bundle is inserted by a narrow
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tendon on the dorsal aspect of the seventh -rib.

The next bundle of

muscle fibers, located dorso-medial to the preceding, is inserted by a
tendon on the dorsal aspect of the sixth rib.

The third bundle of muscle

fibers, located dorso--medial to the second, is inserted by a tendon on
the dorsal aspect of the fifth rib.

The remaining bundle of muscle fibers,

dor3o-medial to the third, is inserted on the lateral aspects of the
transverse processes of C6 and C7,
Gross Structure,

The muscle lies between the transverse processes

of C6 and the eleventh rib.

The muscle fibers are directed craniad.

The superficial fibers in the four bundles of the muscle are longer than
the deeper fibers.

The muscle sheets of the most anterior and medial

bundles are most readily demonstrable.
Relations,

The muscle is located lateral to the longissiraus

dorsi pars thoracic and dorsal to the intercostalis extemus.
Variation,

Some of the specimens exhibit only three bundles with

two tendons, whereas others exhibit five bundles with four tendons,

3,

Muscles Primarily Associated with the Caudal Region

EXTENSOR CAUDAB LATERALIS (Fig. 26):
The muscle is a contiuation of the longissimus dorsi pars lumborum
medialis.

It is located dorso-laterally in the tail region.

It is composed

of nine muscle bundles the fibers of which intermingle.
Origin.

The muscle as a whole arises from the dorsal aspect of the

transverse processes of S2 to S4, inclusive, and from the transverse
processes of Cdl to Cd7, inclusive.
clearly delineated at their origins.

The nine muscle bundles cannot be
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Insertion* The muscle is inserted by nine long tendons on the
prezygapophyses of vertebrae Cd3 to Cd7> inclusive; on the dorsal aspect
of the centrum of Cd8; and on the latero-dorsal aspects of the remaining
vertebrae* The first and most medial bundle inserts on the prezygapophysis
of Cd3* The second muscle bundle, which is ventral to the first, inserts
by a tendon on the prezygapophysis of Cd5® The fourth bundle inserts on
the prezygapophysis of Cd6* The fifth bundle inserts by a tendon on the
prezygapophysis of Cd7* The sixth bundle inserts on the dorsal aspect
of the centrum of CuS* Each o'f the next three bundles inserts by one
tendon attached to the dorso-lateral surfaces of vertebrae Cd9 and Cdl2,
inclusive*
Gross Structure* The more ventrally and caudally the muscle bundle
is located, the more caudal is its tendon of insertion* The muscle
fibers are directed caudo-dorsad* The tendon of each successive muscle
bundle is located lateral to the tendon of the muscle bundle dorsal to
it, with the exception of the labt two, which are located on the lateral
aspect of the posterior part of the tail®
Relations® The muscle is lateral to the extensor caudae medialis
and medial to the abductor caudae extensor*
EXTENSOR CAUDAE MEDIALIS (Fig® 27):
This muscle consists of a number of muscle bundles commencing at
L5 and extending into the tail region. The individual bundles are uniden
tifiable caudal to Cd7» The most prominent components are two muscle
bundles, one being lateral to the other, extending between vertebrae L5
and Cd4*
Origin® The first prominent bundle arises from the postero-dorsal
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aspect of the neural spine of L5 by a strong tendon which extends caudad
as far as the vicinity of SI* The second prominent bundle arises by a
flattened tendon and by muscle fibers from the postero-dorsal aspect of
the neural spine of

16

, and from the latero-dorsal aspect of the neural

spines of SI and S2* The lateral aspect of the posterior two-thirds of
the second bundle exhibits a muscle sheet which arises from the distal
end of the tendon of the bundle. An additional, less prominent bundle
arises by muscle fibers from the lateral aspect of the neural spines of
vertebrae S2 and S3*
In addition to the foregoing, the tail region exhibits numerous
more caudally located small bundles with variable origins from the dorsal
surfaces of the archless centra*
Insertion* The first bundle consists of three intermingled sheets
of muscle fibers. The ventral-most sheet inserts by a tendon on the
prezygapophysis of S4* The muscle sheet located above the first inserts
by a tendon on the prezygapophysis of Cdl. The third sheet, which is
the largest and main part of the first bundle, is inserted by a long
tendon on the prezygapophysis of Cd4.
The second bundle, which is medial to the first, inserts by a long,
flattened tendon on the prezygapophysis of Cd3o The tendon commences
in the vicinity of S4 and decreases in width caudad* The deeper fibers
insert on the prezygapophysis of Cdl-Cd3 by flattened tendons*
The third, and least prominent, bundle is inserted by a long tendon
on the dorsal aspect of the prezygapophysis of Cd4 in common with the
insertion of the first bundle.
The bundles caudal to the third insert on the prezygapophyses of

the caudal vertebrae.
Gross Structure. This muscle, which is the caudal extension of
the multifidus spinae, consists of numerous bundles of muscle fibers
which tend to become smaller caudally.

The main part of the muscle is

located between vertebrae L5 and Cd4.
The first bundle of the extensor caudae medialis is 26 mm long,
12 mm wide.

The belly is 1-1.25 mm thick.

The second bundle, located

medial to the first, is 17 mm long, 2.5 mm wide, and 1-1.25 mm thick*
The remaining bundles are shorter and thinner than the first and second
The muscle fibers are directed caudad.
. Relations.

The muscle is located lateral to the neural spines of

the tail region, and medial to the extensor caudae lateralis.
Variation.

In some specimens, the muscle sheets of the first

two bundles are not clearly identifiable,
4.

Muscles Extending Over Several Regions of the Vertebral Column

MULTIFIDUS SPINAE (Fig. 25) *
The muscle consists of a series of small muscle bundles along the
vertebral column, except in the cervical region.

(The semispinalis

cervicis, described above, is considered by some as a cervical manifes
tation of the multifidus spinae)*

The sacral and caudal parts of this

muscle, collectively, are called the extensor caudae medialis, and are
discussed with the muscles associated with the caudal region (q.v.).
The multifidus spinae is one of the deepest epaxial muscles in the body
Origin of the thoracic and lumbar bundles.
the thoracic and lumbar region-arise as follows:

The muscle bundles in
The anterior four

bundles arise, successively from the dorsal aspect of the transverse
processes of the first four thoracic vertebrae, respectively.

The next
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six muscle bundles arise, successively, from the metapophyses of the trans
verse processes of T5 through T10*

The last three bundles arise, succes

sively, from the metapophyses of the prezygapophyses of Til through T13.
In the lumbar region, each muscle bundle arises by an aponeuroticlike tendon from the successive metapophyses of the prezygapophyses of
the lumbar vertebrae*
Insertion of the thoracic and lumbar bundles.

In general, each

muscle bundle inserts on the neural spine of the second vertebra cranial
to that of the origin*

The first eight thoracic bundles insert succes

sively on the posterior halves of the neural spines of vertebrae T1-T8,
respectively*

The remaining three thoracic bundles are inserted,

successively, on the lateral aspects of the neural spines of T9-T11*
Deeper fibers of the bundles which arise from T3, T4 and T5 insert on
the postero-lateral part of the spine of the next successive vertebra
cranial to the origin*

The muscle bundle which arises from T3 is

inserted on the neural spines and upper parts of the laminae of C7 and
Tl*
The medial fibers of the multifidus spinae are intermingled with
the fibers of the interspinales muscle*
Gross Structure*

The individual muscle bundles in the thoracic

region are more readily identifiable than those more caudally located*
The fibers are directed cranio-dorsad*
caudal sequence*

The bundles become wider in

In the lumbar region, the bundles are not readily

Separable from one another*
Relations*

The muscle herein described is located lateral to the

neural spines of the thoracic and lumbar vertebrae, ventral to the
spinalis dorsi, and medial to the levator costarum*
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INTERTRANSVERSARII
BITERTRANSVERSAEt II CP CERVICAL REGION.

Origin© The muscle fibers arise from the lateral surfaces of the
postzygapophyses and prezygapophyses of adjacent cervical vertebrae and
from the medial dorsal surfaces of the transverse processes of the
cervical vertebrae.
Insertion. The muscle fibers insert on the transverse processes
of the cervical vertebrae. The superficial fibers from the postzygapophyses
of C2 and prezygapophyses of C3 are inserted on the caudal part of the
transverse process of the atlas along with the superficial fibers which
arise from the prezygapophyses of C5 and postzygapophyses of C4. It is
difficult to delimit the sites of origin of the superficial fibers which
insert on the transverse processes of the atlas0 This is true in regard
to the superficial fibers which insert on the remaining cervical vertebrae,,
The deeper fibers, on the other hand, have a more limited origin and
insertion. The deeper fibers which originate from one cervical vertebra
are inserted on the transverse process of the second vertebra craniad.
Gross Structure.

The muscle fills the space between the transverse

processes and the pre- and postzygapophyses along the entire extent of
the cervical region*
deeper fibers.

The superficial muscle fibers are longer than the

The muscle fibers are directed cranio-dorsad and slightly

laterad©
Relations.

It is covered by the insertion of the longissimus dorsi

pars thoracis in the region of C5, C6, C7, medial to the longus atlantis.
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TNTERTRANSVIRSARII OF THE THORACIC REGION:
The intertransversarii of the thoracic region consist of thirteen
muscle bundles located between successive transverse processes of the
first nine thoracic vertebrae, and between successive prezygapophyses of
the last four thoracic and first lumbar vertebrae.
Origin, The first ten muscle bundles originate from the posterior
dorsalwnost part of the transverse processes and from the metapophyses of
T1 through T10, The remaining three bundles originate from the posterior
dorsal-most part of the prezygapophyses, and from the metapophyses of
Til through T13,
Insertion, The first ten muscle bundles insert on the anterior
dorsal-most aspect of the transverse processes of T12 and Til, The
remaining three muscle bundles insert on the anterior dorsal-most aspect
of the prezygapophyses of T12 and T13, and on the anterior dorsal-most
aspect of the prezygapophyses of LI, The metapophyses of vertebrae T5
through T10, and the metapophyses of the prezygapophyses of vertebrae
Til through LI, participate in the insertion of the intertransversarii.
In general, the intertransversarii insert by flat tendons and by muscle
fiberSo
Gross Structure, The thoracic intertransversarii are better
defined caudal to the seventh thoracic vertebra than cranial to it.
The muscle fibers are directed caudad. The muscle bundle is 1,5-3 mm
long, 0,50-0,75 mm wide, and the belly is 0,50-0,75 mm thick.
Relations, The intertransversarii are medial to the levator
costarum, and lateral to the multifidus spinae,
TOTIRTRAHSVERSARII OF LUMBAR REGION:
There are two major groups of intertransversarii in the lumbar
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region, the intertransversarii medialis and the intertransversarii
lateraliso The muscle fibers of the two groups intermingle*
n

Intertransversarii medialis*

This group of muscle bundles lies close to the laminae of the
lumbar vertebrae*
Origin* The muscle bundles originate by muscle fibers from the
posterior part of the prezygapophyses of vertebrae LI through L6*
Insertion* The muscle bundles insert by muscle fibers on the
anterior part of the prezygapophyses of L2 through SI,
Gross Structure* The bundles tend to become larger in caudal
sequence, excepting the last bundle, which is smaller than the others.
The muscle fibers are directed caudad*
Relations* The bundles are ventral to the longissimus dorsi pars
lumborum medialis, and are covered by the deep part of the pars lumborum
lateralis*
2/ Intertransversarii lateralis*

The intertransversarii lateralis of the lumbar region exhibits
two sets of bundles, as follows:
(2) Muscle bundles located between the transverse processes of
the lumbar region:
Origin, From the lateral aspect of the transverse processes of
LI, L2, L3, and from the caudal edges of the transverse processes of L4,
L5, and L6,
Insertion. The muscle bundles insert on the cranial edge of the
transverse processes of SI, L4, through L6, and the cranial ends of L2
and L3*
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Gross Structure* Similar to intertransversarii medialis0 The
muscle bundles average 3 mm long, 0*50 mm thicko
(b) Muscle bundles between the anapophyses and metapophyses
of the lumbar and last two thoracic vertebrae*
Origin* In general, these bundles originate from the anapophyses
of the lumbar vertebrae* The most cranial bundle of this group arises
from the metapophysis of T12o The bundles caudal to the first originate
from the anapophyses of 113» LI, L2, and L3 by muscle fibers*
Insertion* The insertion of the bundles is by flat tendons and
muscle fibers on the metapophysis of the third vertebra caudal to that
of the origin*
Gross Structure* The muscle bundles of this group are the largest
bundles of intertransversarii* The muscle fibers are directed caudad*
The medial fibers of the bundles are fused with the lateral fibers of
the intertransversarii medialis*
Relations* The intertransversarii lateralis of the lumbar region
are located between T12 and SI, and are covered by the deep fibers of
the longissimus dorsi pars lumborum lateralis*
INTERSP INALES

The muscle interspinales is sometimes considered a part of the
intertransversarii.

It is absent in the cervical region, and is not

prominent in the anterior part of the thoracic region*

It is prominent

in the remainder of the thoracic region, in the lumbar and caudal regions*
It becomes definable commencing at the eighth thoracic neural spine*
Origin* The muscle fibers arise from the posterior edges of
successive neural spines of the regions in which the muscle is represented*
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Insertion* The fibers insert on the anterior edge of the spine
immediately caudal to that of the origin*
Gross Structure* The muscle fibers of the interspinales are
directed caudad and are attached to the interspinous ligament connecting
adjacent vertebrae* The interspinales tend to become larger in caudal
sequence as far as, caudal as the bundle between the neural spines of
L5 and L6« In the sacral region, the muscle is not well defined between
L6 and SI, nor between S3 and S4* In the caudal region it occurs between
Cdl through Cd5o
Relations* The interspinales are located medial to the multifidus
spinae,
LONGISSIMUS DORSI
This is the largest epaxial muscle in the body<> It extends from
the crest of the ilium to the anterior end of the cervical region of the
vertebral column* It is divided into pars cervicis, pars thoracis, and
pars lumborum* The cervical component is independent of the thoracic
and lumbar components* The last two are not easily delimited*
LONGISSIMUS DORSI PARS CERVICIS
Origino By careful dissection it is possible to separate four
bundles of muscle fibers at the origin*
1* One bundle constitutes the dorsal part of the pars cervicis,
and arises from the dorsal aspect of the proximal end of the fifth rib
near its articulation with the transverse process of vertebra T5*
2* A second bundle of muscle fibers is located ventral to the
first, and arises from the dorsal aspect of the proximal end of the
fourth rib near its articulation with the transverse process of vertebra

T4.
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3o A third bundle of muscle fibers arises from the dorsal surface
of the lateral part of the transverse process of T3 and from the adjacent
part of the third rib*
4. The most ventral bundle of fibers arises from the dorsal aspect
of the transverse process of T2, and from the dorsal aspect of the
prezygapophyses of Tl.
Insertion* The four muscle bundles described above are not
separable in the region of the insertion* The muscle inserts by flat
tendons and by muscle fibers on the transverse processes of vertebrae
C2 through C5*
Gross Structure* The muscle fibers are directed cranio-dorsad,
and the more ventral bundles tend to be shorter* The muscle is 15 mm
long, 0*5 mm thick, and 2o5 mm wide.
Relations. The muscle lies medial to the longissimus dorsi pars
thoracis, and lateral to the biventer cervicis and to the complexus. The
cranial part of the muscle is covered by the splenius0
LONGISSIMUS DORSI PARS THORACIS

Origin. The longissimus dorsi pars thoracis arises by three long,
strong tendons* The most medial and ventral tendon originates from the
metapophysis of the prezygapophysis of T12* The second tendon, dorsal
and slightly lateral to the first, originates from the metapophysis of
the prezygapophysis of T13« The third tendon, dorsal and slightly
lateral to the second, originates from the metapophysis of LI.

These

three medial tendons are readily identifiable after removing the spinalis
dorsi. On the dorsal aspect of the posterior third of the muscle four
additional dorsal tendons are located ventral to the lumbodorsal fascia,
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and arise from the latero-dorsal aspect of the neural spines of vertebrae
LI through L4*
Insertion

The more superficial fibers of the muscle insert near

the distal tips of the transverse processes of vertebrae C5 through C7
by tendons and muscle fibers. The deeper part of the muscle exhibits
successive muscle sheets which insert successively on the dorsal aspects
of the first through the sixth ribs by muscle fibers and tendons. Seven
additional sheets insert successively by muscle fibers on ribs seven
through thirteen. The deeper fibers also inserted on the metapophyses
of T4-T12,
Gross Structure, The longissimus dorsi pars thoracis is the
largest part of the longissimus dorsi. It extends between vertebrae
C5 and L4* The muscle sheets mentioned above tend to become shorter in
caudal sequence. The muscle fibers are directed cranio-dorsad. The
muscle is narrower craniad. It is 6 mm wide in the vicinity of the
twelfth rib, 3 nun in the region of the fourth rib, 2 mm wide in the
region of insertion.

It is 59 mm long and the belly is 2 mm thick.

Relations, The muscle is lateral to the spinalis dorsi and to
longissimus dorsi par3 cervicis, and medial to the iliocostalis,
LONGISSIMUS DORSI PARS LUMBORUM:
The longissimus dorsi pars lumborum is divided into pars lumborum
lateralis and pars lumborum medialis. It extends between SI and T12o
Origino Pars lumborum lateralis. This part of the muscle originates
from the lurabodorsal fascia, from the neural spine of SI, and from the
lateral aspect of the neural spines of L5 and L6, The caudo-lateral
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portion originates from the crest of the ilium#
Pars lumborum medialis# This part consists of six muscle
bundles, each originating by a tendon from the neural spines of successive
vertebrae from T13 through L5, inclusive.
Insertion# Pars#Lumborum lateralis. This part inserts by seven
muscle bundles on the anapophyses of T12 through L5 inclusive, and on
the lateral aspect of the transverse processes of T13 through L6,
inclusive. The most anterior part of the muscle inserts by muscle
fibers on the caudal portion of the dorsal aspect of the twelfth rib#
Pars lumborum medialis. The muscle bundles of the
pars lumborum medialis are inserted by narrow tendons on the neural
spines of vertebrae L3 through L6, and by fascia on the metapophyses of
vertebrae L2 through L6, inclusive#
Gross Structure# The pars lateralis is the largest part of the
pars lumborum. It consists of superficial and deep parts, the latter
consisting of seven bundles of muscle fibers#

In the vicinity of the

twelfth and thirteenth ribs the superficial fibers are directed craniad*
The remaining superficial fibers are directed cranio-ventrad# Fibers
of the deep bundles tend to intermingle with the superficial fibers,
and become shorter in caudal sequence. The pars lumborum lateralis
is 30 mm long, 7 mm wide in the vicinity of L^, The belly is

7

mm

thick.
The pars lumborum medialis consists of six meuscle bundles, each
exhibiting a feather-like structure# Each bundle overlaps approximately
two-thirds of thebundle caudal to it. The muscle fibers are directed
craniad, and each bundle exhibits an arch shape# The muscle bundles

tend to be smaller in cranial sequence# The pars lumborum medialis is
30 mm long, 6-6.5 mm wide. The belly is 4-4*5 mm thick.
Relations. The muscle as a whole is dorso-lateral to the following
muscles which, in turn, are located along the ventro-lateral aspect of
the vertebral column: psoas minor, psoas magnus, and quadratum lumborum.
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Cheek pouches and related muscles,
dorsal view*
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Musculature of the shoulder region,
left lateral view.
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Figure 9

Dorsal view, the lsft extrinsic appendicular
muscles intact, certain of the right muscles
removed to show deeper musculature*
The right acromiotrapezius has been cut*
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Figure 10
A* Left clavotrapezius and acromiotrapeaius
transected and, in part, removed to reveal
underlying musculature*
B* Eight scapula elevated to reveal underlying
muscles*
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Figure 10

(tCTORALIS
SUPERFICIAUS

Figure 11

Dissection of right cervical and upper
thoracic region to reveal certain epaxial
muscles and their relations (L,D,,
longissimus dorsi).
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Figure 12
A« Same view as Figure 11, serratus
posterior superior and levator
scapulae removedo
B. Same view as A, after removing longus
atlantis, and lifting up and transecting
the splenius.
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Figure 12

Figure 13

A* Same view as Figure 12B, after removing other
muscles in the vicinity of the biventer cervicis,
B* Dorsal view of cervical and, superior thoracic
epaxial region, biventer cervicis retracted to
reveal underlying epaxial muscles,
R.C,D., rectus capitis dorsalis,
R.C.,

rectus capitis,

O.C,,

obliquus capitis,

L„D,,

longissimus dorsi.
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Figure 14
A* Dissection revealing certain epaxial muscles
of the cervical and superior thoracic region*
0*Co,

obliquus capitis*

R*C.,

rectus capitiso

R.C.D., rectus capitis dorsalis.
B*

Longissimus dorsi (L.D,) pars cervicis in
lateral view*
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Figure 15

Dissection of the right superior epaxial region to
show the deep muscles# The right splenius and
biventer cervicis have been transected# On the
left, additional muscles have been removed to
reveal the obliquus capitis (0#C#) superior and the
rectus capitis (R#C*) lateralis#
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Figure 16

A. Right rectus capitis dorsalis (R.C.D.) major.
B* Right rectus capitis dorsalis (R.C.D.) minory
and obliquus capitis (O.C.) inferior.
C. Right obliquus capitis (O.C.) superior.
D* Right rectus capitis (R.C.) lateralis.
E. Right complexus.

R.C.D.MINOR
R.C.D .M A JO R
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O .C .S U P E R IO R
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Figure 17

Occipital area of skull to show the insertions of
certain epaxial muscles#
1#

Rectus capitisdorsalis major*

2*

Rectus capitisdorsalis minor*

3*

Rectus capitislateralis.

4*

Biventer cervicis*

Other insertion indicated by name of muscle,
R*C, lateralis, rectus capitis lateralis, E* Au*
meatus, external auditory meatus surrounded by
tympanic bulla*

N u c h a l rid g e
l a t e r a l limb
R ectus fo ssa
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PROCESS
N u c h a l rid g e
MEDIAL LIMB

S plenius

C omplexus

O.C . S u p e r i o r
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J u g u la r fo ra m en

Figure 18
Superficial epaxial musculature of
the cervical and thoracic regions.
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Figure 19

Dorsal view of isolated spinalis dorsi
Right,

Spinalis dorsi intact.

Left,

Right and left spinalis dorsi muscles
retracted laterad to show the insertions
on the thoracic neural spines*

S P I N A L I S DORSI

Figure 19

Figure 20

Top*

Left medial surface of the spinalis dorsi
showing the origin by several tendons*

Bottom. Dorsal view of spinalis dorsi* The left
muscle is intact. The right muscle is
separated into its three bundles*

W5

SPINALIS DORSI
{.S\J
Figure 20

Figure 21

Top,

Dorsal view shovdng the intact right longissimus
dorsi pars thoracis. The right spinalis dorsi
has been removed. The left spinalis dorsi is
intact.

Bottom, Lateral view of the right longissimus dorsi
pars thoracis, the muscle having been elevated
to show the muscle bundles.
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LEFT
SPINALIS DORSI

Lo n g i s s i m u s

oorsi p a r s thoracis

Figure 21

Figure 22
Left.

Dorsal view of the longissimus dorsi (L.D.)
pars lumborum lateralis (Lat.), longissimus
dorsi (L.D.) pars thoracis, and the spinalis
dorsi.

Right. Ventral view of the longissimus dorsi pars
lumborum lateralis.
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S P IN A L IS
DORSI

Figure 22

Figure 23
Top*

Dorsal view of longissimus dorsi (L,DC)
pars lumborum medialis and pars lumborum
lateralis*

Bottom* lateral view of a dissection of the deeper
bundles of left longissimus dorsi pars
lumborum lateralis*
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Figure 24

Top*

Left lateral view of the longissimus dorsi
pars lumborum medialis after removal of the
L,D, pars lumborum lateralis*

Bottom* Dorsal view of the lumbar and last thoracic
neural spines (2), showing a dissection of
the bundles of the left longissimus dorsi
pars lumborum medialis*
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Figure 24

Figure 25
Right lateral view of the deepest epaxial
muscles of the thoracic and lumbar regions.
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THORACIC REGION

Figure 26

Right,

Dorsal view of tail region showing the
extensor caudae medialis and extensor
caudae lateralis.

Left,

Same view as above. The individual bundles
of the right extensor caudae lateralis have
been separated from one another0 The
bundles of the left muscle are intact.
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Figure 27

Dorsal view of extensor caudae medialis partially
separated into individual bundles. The right
bundles have been removed.
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V, DISCUSSION
The vertebral column and the epaxial muscles of the hamster -will
be contrasted -with those of other members of the Order Rodentia to
the extent that published studies permit*

The Vertebral Column
In the golden hamster, as in other members of the Family Cricetidae,
there are thirteen thoracic vertebrae which, according to Howell (1932),
is

a primitive number*
Most specimens of pocket gophers exhibit twelve thoracic vertebrae

but nearly one-fifth of the specimens have thirteen (Hill, 1937)®
Saltatorial (Howell, 1932) and ricochetal rodents (Hatt, 1932) also
normally exhibit only twelve thoracic vertebrae*
In the golden hamster, as in other members of the Family Cricetidae
which have been studied, the lumbar region consists of six vertebrae.
In pocket gophers there are seven lumbars, although occasional specimens
may exhibit six*

Ricochetal and saltatorial rodents likewise exhibit

seven lumbar vertebrae,
All members of the Family Cricetidae exhibit four sacral vertebrae*
The same condition is found in Castor whereas, in saltatorial rodents,
there are three to five sacral vertebrae (4-5 in Dipodomys, 3 in Pedetes
and Sciurus),

Pocket gophers exhibit five sacral vertebrae (Hill, 1937)o

The sacral region in ricochetal rodents consists of two sacral vertebrae*
Cricetus auratus differs from ether members of the Family Cricetidae
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in regard to the number of caudal vertebrae (13, 14) since, in general,
the tail in the members of this family, as well as in other quadrupedal
rodents, is relatively shorter than the tail of members of ricochetal
and saltatorial families*

Wood rats exhab it 23-31 caudal vertebrae*

The caudal region in pocket gophers consists of 16-17 caudal vertebrae.
The Family Cricetidae, including hamsters, resembles the Family
Geomyidae in the fact that the cervical vertebrae remain as indepen
dent elements.

Ricochetal and saltatorial rodents exhibit ankylosis

of the cervical vertebrae and a concomitant shortening of the neck
(Flower, 1874J Lull, 1904; Howell, 1932).
The last five cervical vertebrae in hamsters are procoelous, as in
pocket gophers.

The cranial surfaces of the thoracic vertebrae of

hamsters are slightly concave or flat, and the caudal surfaces are
flat or slightly convex.
platycoelous.

The thoracic vertebrae in pocket gophers are

Published reports on other species of rodents, or in

other regions of the vertebral column of pocket gophers, negate the
possibility of further comparisons.
The neural spines of the last five cervical vertebrae of the
golden hamster, a representative quadrupedal rodent, resemble those
of the saltatorial and ricochetal rodents in that all are rudimentary.
They are actually absent in some of the last two groups.

The golden

hamster differs from ricochetal and saltatorial rodents in regard to
the size of the neural spines.

In hamsters the neural spines of the

thoracic region tend to decrease in height and to increase in length
in caudal sequence; whereas, in saltatorial and ricochetal rodents,
the neural spines tend to increase in both height aid length in caudal
sequence.

In hamsters the neural spines slope slightly backward as far
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as the ninth thoracic and the remaining spines are vertical*

In

ricochetal and saltatorial rodents the neural spines of the thoracic
region are inclined backward as far as the eleventh or twelfth thoracic
vertebra*

In general, in the ricochetal and saltatorial rodents there

is a tendency for the neural spines to assume a vertical position
farther caudad in the thoracic region than is the case in hamsters*
In the lumbar region the neural spines of hamsters, as well as
of other quadrupedal rodents, are thicker and shorter than those of
ricochetal rodents*

In hamsters the lumbar neural spines are vertical;

whereas, in ricochetals they are strongly inclined forward*
In golden hamsters the sacral spines tend to be reduced in height
in caudal sequence; whereas, in ricochetal rodents, the sacral spines
may be absent.
In the ricochetal Family Pedetidae (Hatt, 1932) the sacral region
exhibits one long, heavy spine formed by the fusion of two or three ,
spines, followed by spines which are much reduced*

In the Families

Dipodidae and Heteromyidae, the spines are reduced or absent, excepting
that there is a high, strong spine on the last sacral vertebra (Hatt,
1932)o
The golden hamster resembles other members of its family, as well
as other families of quadrupedal and ricochetal rodents, in that the
transverse processes of C2 are small and extend latero-caudad, the
transverse processes of C7 are strong, perpendicular to the antero
posterior axis and extend more laterad than the others, and the trans
verse processes of C6 exhibit inferior lamellae*
The transverse processes of the thoracic region of the hamster
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lose their identity on the last four thoracic vertebrae; whereas, in
ricochetal rodent^

the transverse processes lose their identity at the

eleventh or twelfth thoracic vertebrae*
In hamsters the metapophyses commence on the transverse processes
of T4; whereas, In ricochetals, metapophyses first appear in the mid
thoracic region*

The metapophyses of ricochetal rodents are heavier

than those of the hamster.
The transverse processes of the lumbar region of the hamster
differ from those of ricochetal rodents since the entire transverse
process (diapophyses: Hatt) is directed sharply cranio-ventrad in
ricochetors; whereas, in hamsters the last three lumbars exhibit hori
zontal transverse processes with only the distal ends directed cranioventrad*

The transverse processes of the anterior three lumbars are

reduced in size and are directed cranio-ventrad*
In hamsters the zygapophyses of the last two lumbars are nearly
vertical, resembling the zygapophyses in the posterior lumbar region of
quadrupeds as well as those of ricochetal rodents (Hatt)*
The length of the lumbar transverse processes of leaping animals
increase in caudal sequencenn contrast to the condition in hamsters.
The transverse processes of the sacral region in hamsters differ
from those of wood rats*

In the latter the transverse processes of all

sacral vertebrae are fused in most specimens whereas, In hamsters only
the first three paris of transverse processes are fused*
In pocket gophers fusion of the last transverse processes may be
assymetrical.

In pocket gophers, although the neural spines of the sacral

vertebrae may be fused, other parts of the vertebrae may be froe.

Golden

hamsters differ from wood rats in that the ilium, in the latter articulates
with the transverse processes of SI and S2; whereas, in hamsters, the
articulation of the ilium is with the transverse process of SI.

h i pocket

gophers, the articulation of the ilium is with the first two or three
sacral vertebrae.

In hamsters the transverse processes of the caudal

region are directed less craniad than are those of ricochetal rodents.
Until more detailed information is available on the vertebral
column of other rodents, further comparison among the rodents* families
cannot be made0

EPAXIAL MUSCLES
A contrast of the epaxial muscles of the golden hamster with
those of certain other members of the sub-family Cricetinae (Neotoma*
Sigmodon, Peromyscus* and Oryzomys) as described by Rinker (1954)>
and of Neotoma as described by Howell (1926), will be attempted to the
extent that information is available*

For comparisons within the

sub-family Cricetinae, excluding Cricetus auratus. the excellent paper
of Rinker may be consulted*

SPLENIUS:
In some cricetines the muscle show lateral slips; whereas, in
hamsters, no lateral slips were found in any specimen examined*

RECTUS CAPITIS DORSALIS MINOR:
Howell described this muscle in Neotoma as being deep to the
rectus capitis dorsalis major#

This is not the case in the hamster

nor in the .‘other genera which have been described*

RECTUS CAPITIS LATERALIS:
The muscle herein described as the rectus capitis lateralis was
described as two separate muscles by Rinker*

All parts herein described,

except the ventral head, were designated by Rinker as constituting a
rectus capitis anterior*

The ventral head, as herein described, was

designated as the rectus capitis lateralis by Rinker*

KULTIFroUS SPINAE:
The multifidus spinae in other cricetines spans three vertebrae
craniad to that of the origin in the anterior sacral and lower lumbar
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region; -whereas, in hamsters the muscle bundles in all regions span
one vertebra only,

BIVENTER CERVICIS:
This muscle (similarly designated by Howell in Neotoma) is termed
**semispinalis capitis1* by Rinker in Sigmodon. Peromyscus, and Oryzomys,
However, the semispj.nalis capitis as described by Rinker includes an
additional mass which he designates as the ncomplexus,n In Neotoma,
however, according to Rinker, the semispinalis capitis is not clearly
separable into these two components. The complexus of Rinker is not
equivalent to the complexus described herein.
In hamsters the posterior part of the biventer cervicis arises
from the dorsal aspect of the transverse processes of T1 through T6,
inclusive; and the anterior part arises from the dorsal aspect of the
postzygapophyses of C3 through C7, inclusive.

In Neotoma, the posterior

part arises from the tubercle and neck of the third to seventh rib,
inclusive; and from the transverse processes of T2 and T3*

The anterior

part arises from the transverse processes of the axis and the laminae
of C3 through Tl,

In hamsters the biventer cervicis exhibits one tendinous inscription
on each side; whereas, in Neotoma there are two. The insertions in
Cricetus and in Neotoma are essentially identical,
COMPLEXUS;
This muscle is equivalent to the longissimus capitis of Rinker,

In

hamsters the muscle arises from the dorsal surfaces of the transverse
processes of vertebrae Tl or T2 through T5, and from the postzygapophyses
of C4 through C7,
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In other cricetines which have been studied it arises from the
anterior borders of the fourth to the sixth ribs, and from the transverse
processes of T2 and T3*

In hamsters the muscle exhibits two bellies;

whereas, in other cricetines studied, the muscle exhibits only one belly*

LONGISSIMUS DORSI PARS CERVICIS:
In hamsters, as in other cricetines studied, the muscle constitutes
an entity, distinct from the other parts of the longissimus dorsi*

In

hamsters it arises by four bundles from the proximal ends of the third
to the fifth ribs, from the transverse processes of T2, and from the
dorsal aspect of the prezygapophyses of Tl*
In other cricetines the muscle arises from the tubercles and
necks of the second through the sixth ribs, from the transverse process
to Tl, and from the sides of the superior articular processes of the
last five cervical vertebrae*

LONGISSIMUS DORSI PARS THORACIS:
In hamsters the origin of this muscle

does not extend to the

sacral region, in contrast to the condition in other cricetines.

It

arises by a number of medial tendons from the metapophyses of T12, T13*
LI,
L4.

and from dorsal tendons arising from the neural

spines

of LI through

In other cricetines the muscle arises from the neural spines of L2-

S4, from tendons attached to the metapophyses of L2-S2, and from tendons
attached to the metapophyses of Tll-Ll*
In hamsters the deeper fibers insert on the dorsal aspects of the
first six ribs by muscle fibers and tendons, on the remaining ribs by
muscle fibers only, and on the metapophyses T4-T12,

The more superficial

fibers of the muscle insert near the distal tips of the transverse
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processes of vertebrae C5 through C7 by tendons and muscle fibers*
In other cricetines, the muscle inserts on the last ten ribs, on the
metapophyses of the lumbar and last two thoracic vertebrae, and on the
transverse processes of T6-T9*

In addition, in all four genera examined

by Rinker, the muscle inserts on the accessory processes of the lumbar
arid last three thoracic vertebrae,

LONGISSIMUS DORSI PARS LUMBORUM;
In hamsters, the origin of the medial part of the pars lumborum
is from the neural spines of the first five lumbar vertebrae and from
T13J whereas, in other cricetines it arises from the neural spines and
the metapophyses of the sacral and lumbar vertebrae.
The hamster differs from Neotoma (Howell, 1926) in that the pars
lumborum medialis in the latter inserts on the diapophyses of the
lumbar vertebrae; whereas, in hamsters, the muscle inserts by narrow
tendons In the neural spines of L3 through L6, and by fascia on the
metapophyses of vertebrae L2 through L6, inclusive,

SPINALIS DORSI:
Rinker described this muscle in the four genera studied as
"spinalis” and "semispinalis," following Slijper (1946), Virchow (1916),
and Plattner (1922),

Howell (1926) and Winkler (1939) describe a single

muscle, the "spinalis dorsi,”

The latter terminology is employed herein*

For a comparison of the origins and insertions of the homologous
muscles as described by Rinker, and as described herein, the description
of Rinker may be compared with those of the present paper,

SEMISPINALIS OPRVICIS:
In hamsters this muscle arises from the laminae of C3-C7 and T2;
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from the postzygapophyses of T1-T7, and from the transverse processes
of T3 to T7j inclusive*

In other cricetines, it arises from the tubercles

and necks of the fifth to seventh ribs, from the transverse processes of
the second to fifth thoracic vertebrae, and from the laminae of the last
four cervical vertebrae*
In hamsters, the muscle inserts on the neural spines of the axis,
and of C3 to C6 inclusive? whereas, in other cricetines it inserts on
the spines of the first thoracic and of the last 3 i x cervical vertebrae*

ILIOCOSTALIS:
In hamsters the most anterior part of this muscle, comparable to the
pars cervicis of other cricetines, originates from the dorsal surface of
the eleventh rib, and by successive deeper sheets from the fourth to the
tenth ribs*

In other cricetines this part arises from the anterior

borders of the fourth to the eighth ribs*
In hamsters the most anterior part inserts on the lateral aspects
of the transverse processes of C6-C7J whereas, in other cricetines it
inserts on the transverse processes of C7 and Tl, and on the tubercle
of the first rib*
The middle bundle or bundles of the iliocostalis muscles in hamsters
is equivalent to the iliocostalis dor3i of other cricetines*

It arises

in hamsters from the eleventh rib and exhibits two or three muscle
sheets arising from successive ribs craniad to the eleventh rib*

In

other cricetines this part of iliocostalis arises from the anterior
border of the eighth to the eleventh ribs*
The iliocostalis in the hamster does not extend caudad far enough
to meet the longissimus dorsi pars lumborum as it does in other cricetines*

EXTENSOR CAUDAE MEDIALIS;
In hamsters the two well-developed muscle bundles are at the level
of L5 and Cd/+; whereas, in other cricetines, the well-developed bundles
are at the level of the last lumbar vertebrae.
In the wood rat the extensor caudae medialis arises from the
sacral, rather than from the lumbar, region in contrast to that of
examined specimens of the sub-family Cricetinae.
Notwithstanding the described differences between the epaxial
muscles in hamsters and those of four genera examined by Rinker, the
epaxial muscles of all are quite similar in regard to their origins and
insertions.

The golden hamster resembles Neotoma more than it does the

other genera in regard to origins and insertions of the following muscles:
Rectus capitis dorsalis major, rectus capitis dorsalis minor, rectus
capitis lateralis, obliquus capitis superior, obliquus capitis inferior,
biventer cervicis, the

anterior bundle of iliocostalis (iliocostalis

cervicis), and longissimus dorsi pars thoracis.
This similarity between Neotoma and Cricetus may be the expression
of a similarity of genetic protentiality inherited from a common ancestor.
As an alternative, the condition could, of course, represent evolutionary
convergence.

SUMMARY
1*

Two hundred specimens of Cricetus auratus Waterhouse have been

dissected for the purpose of ascertaining the precise anatomy of the
vertebral column and epaxial muscles of this species,
2,

The vertebral fornula is;

C-7, T-l3, L-6, S-4, Cd-13/14,

Foramina transversaria may be lacking on one or both sides in C7*

The

transverse processes of C6 always, and C5 occasionally, exhibit inferior
laminae.

Those of C7 are in contact with those of C6,

Those of T1-T4

exhibit apical facets for articulation with the tubercula of the first
four ribs.

Homologous facets on T5-T10 occur in definitive diapophyses,

T11-T13 exhibit demifacets for capitular heads only,
hypapophysis occasionally occurs on L2,

A ventral

The four sacral vertebrae are

united by their centra, and the first three are also united by their
transverse processes.

Only SI articulates with the ilium.

processes are reduced caudal to Cd5*

Centra and

Cd9-13/14 lack pedicles,

Cd6-$

may exhibit incomplete pedicles on one or both sides, or the pedicles
may be lacking,
prezygapophyses,
3*

Cd7-13/14 lack neural spines,

Cdll-13/14 lack

Cd6-13/14 lack postsygapophyses,

The origins and insertion of the follov.dng muscles have been

described:

splenius, complexus, biventer cervicis, rectus capitis dorsalis

major, rectus capitis dorsalis minor, rectus capitis lateralis, obliquus
capitis superior, obliquus capitis inferior, semispinalis cervicis, longus
atlantis, spinalis dorsi, iliocostalis, multifidus spinae, extensor caudae
medialis, extensor caudae lateralis, intertransversarii, interspinales,
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and longissimus dorsi,
!+•

With respect to the anatomy of the epaxial musculature,

Cricetiis auratus resembles Neotoma more than it does the other genera
of the sub-family Cricetinae examined so far.
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